It is critical for a numerical scheme to obtain numerical results as accurate as possible with limited computational resources. Turbulent processes are very sensitive to numerical dissipation, which may dissipate the small length scales. On the other hand, dealing with shock waves, capturing and reproducing of the discontinuity may lead to non-physical oscillations for non-dissipative schemes. In the present work, a new high-order modified weighted compact (MWCS) is proposed for accurate approximation of the derivatives in the governing Euler equations. The basic idea is to add the weighted essentially non-oscillatory scheme (WENO) to weighted compact scheme to make sure the scheme is diagonally dominant, and then add some WENO in additional to make sure that there's some dissipation in the smooth area to avoid oscillations. 
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I. Introduction
T is desirable for a numerical scheme to attain high-order accuracy with limited computational resources. In the past two decades, many efforts have been made in developing such high-order schemes, examples being the compact difference schemes [1] [2] [3] , essentially non-oscillatory [4] [5] [6] (ENO) schemes and their weighted variant [7] [8] [9] (WENO). Physical processes usually have various different length scales. In the case of flow transition and turbulence. The shock can be considered as a discontinuity or a mathematical singularity (there is no classical unique solution and the derivatives are not bounded). Efforts have been made in developing high-order numerical schemes with high resolution for small length scales, but at the same time capable of sharply capturing the shock/discontinuity without generating visible numerical oscillations. A weighted compact scheme (WCS) is developed by Ref. 10 . WCS is based on WENO weighting method for evaluating candidates, which use the standard compact scheme. The building block for each candidate is a Lagrange polynomial in WENO, but is Hermite in WCS, obtaining for the latter a higher order of accuracy with the same stencil width. In shock regions, the WCS controls the contributions of different candidate stencils to minimize the influence of candidates containing a shock/discontinuity. On the other hand, in regions with smooth solution, WCS recovers the standard compact scheme to achieve high accuracy and resolution. Numerical tests reveal that the original WCS works well in some cases such as Burgers' equation, but is not suitable for solving the Euler equations. As mentioned, the usage of derivatives by compact schemes results in global dependency. WCS minimizes the influence of a shock-containing candidate stencil by assigning a smaller weight, but still uses all of the candidates, resulting in global dependency.
In this paper, we try to overcome the drawback of the WCS. Local dependency has to be achieved in shock areas, while recovering global dependency in smooth regions. This fundamental idea leads naturally to the combination of compact and non-compact schemes, that is, to the mixed weighted compact and non-compact scheme (MWCS). The proposed scheme is to add the WENO scheme as a portion of WCS to make sure the MWCS scheme is always diagonally dominant, and then add some WENO in the smooth area to keep some dissipation in the smooth area to avoid possible oscillations without using filter. With the aim of taking advantage of the high-resolution property of the WCS in smooth solution regions, and, in near shock regions, employing the WENO scheme, which is non-compact and dissipative, the schemes are combined. The proposed scheme captures the discontinuity (shocks) sharply, and achieves high accuracy and high resolution in the smooth area. A black-box type subroutine is developed without using shock detector, which can be used for any discrete data set to achieve high order accuracy for derivatives.
II. Numerical formula
The MWCS combines the WENO scheme and WCS where the mixing function relies on the weights of WCS. In the present section a description of the three high order schemes is provided.
To review the different schemes starting from a common framework, it is convenient to consider the scalar conservation equation in the one-dimensional case 0 = + (u(x,t)) F (x,t) q 
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The grid described above is shown in Fig. 1 , where the dots denote cell centers, and triangles denote the cell interfaces (2.2).
A semi-discrete conservative form of (2.1) reads as ( )
where Fˆis the numerical flux associated to the original function F , defined implicitly by 
So the primitive function H is calculated from the discrete data set of the original function F . Note that the derivative of the primitive function at the cell interfaces coincides with the numerical flux, i.e. 
Choosing the Lagrange polynomial for the second order approximation of 2 1 + j F , we obtain, for the first stencil 0 E : 
Note that the constant weights in (2.6) sum up to 1 for consistency, i.e. ∑ 
It is easy to verify by a Taylor series expansion that Eq. (2.7) is a 5 th order approximation to the discrete derivative j F' .
Instead of using the constant weights (2.6), the WENO scheme adaptively selects the weights in relation to the "smoothness" of the stencils. The non-linear weights
Where ε is a small parameter which prevents the division by zero, p is an integer (set equal to 2 in Ref. H . Similarly to the WENO scheme, three candidate stencils are defined as 
C. The Modified Weight Compact Scheme (MWCS)
The MWCS combines the two schemes described in the previous paragraphs, WENO and WCS. It includes two steps: first make the coefficient matrix of WCS to be diagonal dominant by adding WENO, which refers the followingα , second add a little WENO to the whole domain, which refers the following c . Or equivalently saying, we add WENO by the form c α + , where c is a constant we chose as 0.2, and α is related to the smoothness of the stencils and the coefficient matrix of WCS. The above concepts lead to the idea of a mixing function, which linearly combines the two schemes in order to ensure numerical stability on one hand, and to obtain a sharp shock-capturing and good resolution for small length scales on the other. The resulting formulation of the MWCS numerical flux reads as 
III. Numerical results
The Euler equations for selected one-and two-dimensional test cases are solved by the proposed MWCS and compared against WENO 8 . 
A. One-dimensional case

Sod shock-tube problem
The shock-capturing capability of the MWCS is tested by the Sod shock-tube problem 39 . Equations (3.1) are solved coupled with the following initial conditions ( ) Fig. 2-5 show the plot of the solved velocity u , at time 2 = t . Fig. 2 and 3 report the solution in the whole domain for MWCS and WENO schemes, respectively. The reference solution is regarded as the one obtained by the fifth-order WENO scheme using a mesh of 1600 points, labeled as WENO 1600. All the other simulations are carried out on a coarser mesh of 200 points. The solutions using MWCS (labeled as MWCS 200) and WENO scheme (labeled as WENO 200) are free from visible oscillations, which is different from using WCS. Fig. 4-5 report the enlargement of the shock areas, comparing the three different schemes. Using MWCS scheme, the discontinuity is captured more sharply and is less smeared compared to the fifth-order WENO, and the solution does not present unphysical oscillations. 
Shu-Osher problem
The shock-entropy wave interaction problem (Shu and Osher, Efficient implementation of essentially nonoscillatory shock-capturing schemes II 1989) is solved in order to test the proposed method's capability on shockcapturing and shock-turbulence interaction. The entropy waves are very sensitive to numerical dissipation introduced by a numerical scheme, and can be excessively damped. Equations (2.1) are solved, coupled with the following initial condition ( ) . Fig. 6 and 7 report the solution on the whole domain for MWCS and WENO schemes, respectively. The reference solution is regarded as the one obtained by the fifth-order WENO scheme using a mesh of 1600 points, labeled as WENO 1600. All the other calculations are made on a coarser mesh of 200 points. The MWCS scheme (labeled MWCS 200) shows higher resolution and sharper shock capturing compared to WENO (labeled WENO 200). Fig. 8 -11 report detail enlargements of discontinuity areas in the shock region, comparing the two different schemes. By using WCS, the solution has numerical oscillations, however, it can be observed that MWCS solution is free from numerical oscillation, and can capture the shock more sharply and has better resolution properties than the solution got by using WENO. 
IV. Conclusion
The basic formulation of the MWCS, which is a linear combination of the WCS and WENO schemes, is developed. A new formulation of the mixing function based on the smoothness and the matrix of WCS is provided, showing that the proposed MWCS has higher resolution and lower dissipation compared to the well established WENO scheme. Numerical tests, which are carried out for inviscid flow problems in one-and two-dimensional cases, demonstrate that the proposed method is capable of capturing the shock sharply without visble numerical oscillations while keeping high resolution for small length scales.
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